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LASER DRIVER CIRCUIT AND SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 10/321,177 filed on Dec. 16, 2002, now U.S. Pat. No.
6,928,094, the teachings of which are herein incorporated by
reference.

BACKGROUND

1. Field

The subject matter disclosed herein relates to data commu-
nication systems. In particular, the subject matter disclosed
herein relates to transmitting data 1n an optical transmission
medium.

2. Information

Data transmission 1n an optical transmission medium such
as fiber optic cabling has enabled communication at data rates
of 10 gigabits per second and beyond according to data trans-
mission standards set forth in IEEE Std. 802.3ae-2002, Syn-
chronous Optical Network/Synchronous Digital Hierarchy

(SONET) protocol as indicated 1n a set of standards provided
by the American National Standards Institute (ANSI

T1.105.xx) or Synchronous Digital Hierarchy (SDH) as indi-
cated 1n a set of recommendations provided by the Interna-
tional Telecommunications Union (e.g., ITU-T G.707,
G.708, G.709, G.783 and (G.784). To transmit data in the
optical transmission medium, a laser device typically modu-
lates an optical signal in response to a data signal.

FIG. 1 shows a schematic diagram of a prior art laser driver
circuit 2 to provide power to a laser diode 6. In response to a
pulse data signal 4, the laser driver circuit 2 provides a pulse
current signal 12 and a nominally fixed bias current (not
shown) to the laser diode 6. In response to the pulse current
signal 12, the laser diode 6 transmits a light signal 10 having
an output power 14. A photodiode 8 measures the output
power 14 to be used 1n evaluating the performance of the laser
driver circuit 2 or the laser diode 6.

A “slope efliciency” typically expresses an efficiency of a
laser device 1n generating an output power in response to an
input current signal. For example, a slope efficiency 1s typi-
cally expressed as a measurement of a change in output power
of a light s1ignal from a laser device divided by a magnitude of
a change in input current signal provided to the laser device to
transmit the light signal when the laser device 1s properly
biased. The slope efliciency associated with a particular laser
device typically changes as a function of age or operating
temperature. For example, FIG. 2 shows a graph 1llustrating,
elfects of temperature (1.e., different temperatures T, T, and
T, on a slope efficiency of a laser device. In the illustrated
example, the laser device has a higher slope efficiency at
lower operating temperatures.

BRIEF DESCRIPTION OF THE FIGURES

Non-limiting and non-exhaustive embodiments of the
present invention will be described with reference to the
tollowing figures, wherein like reference numerals refer to
like parts throughout the various figures unless otherwise
specified.

FIG. 1 shows a schematic diagram of a prior art laser driver
circuit to provide power to a laser device;

FIG. 2 shows a graph 1llustrating typical effects of tem-
perature on a slope elliciency associated with a laser device;
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FIG. 3 shows schematic diagram of a system to transmit 1n
and recetve data from an optical transmission medium
according to an embodiment of the present invention;

FIG. 4 shows a schematic diagram of physical medium
attachment and physical medium dependent sections of a data
transmission system according to an embodiment of the sys-
tem shown 1n FIG. 2;

FIG. 5 shows a schematic diagram of a laser driver circuit
according to an embodiment of the physical medium depen-
dent section shown in FIG. 4;

FIG. 6 shows a flow diagram illustrating a process of
adjusting an output current of a laser driver circuit according
to an embodiment of the laser driver circuit shown 1n FIG. 5;

FIG. 7 shows a graph 1llustrating changes of an output
power of a light signal from a laser device in response to
changes 1n an output current from a laser device according to
an embodiment of the process shown in FIG. 6;

FIG. 8 shows a laser driver circuit according to an embodi-
ment of the laser driver circuit shown in FIG. §; and

FIG. 9 shows a tlow diagram 1llustrating a process accord-
ing to an embodiment of the process shown 1n FIG. 6 and the
laser driver circuit shown 1n FIG. 8.

DETAILED DESCRIPTION

Retference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment of the
present invention. Thus, the appearances of the phrase “in one
embodiment” or “an embodiment” 1n various places through-
out this specification are not necessarily all referring to the
same embodiment. Furthermore, the particular features,
structures, or characteristics may be combined 1n one or more
embodiments.

“Machine-readable” 1instructions as referred to herein
relates to expressions which may be understood by one or
more machines for performing one or more logical opera-
tions. For example, machine-readable instructions may com-
prise instructions which are interpretable by a processor com-
piler for executing one or more operations on one or more data
objects. However, this 1s merely an example of machine-
readable 1nstructions and embodiments of the present inven-
tion are not limited 1n this respect.

“Storage medium™ as referred to herein relates to media
capable of maintaining expressions which are perceivable by
one or more machines. For example, a storage medium may
comprise one or more storage devices for storing machine-
readable instructions or data. Such storage devices may com-
prise storage media such as, for example, optical, magnetic or
semiconductor storage media. However, this 1s merely an
example of a storage medium and embodiments of the present
invention are not limited 1n this respect.

“Logic” as referred to herein relates to structure for per-
forming one or more logical operations. For example, logic
may comprise circuitry which provides one or more output
signals based upon one or more nput signals. Such circuitry
may comprise a finite state machine which recerves a digital
input and provides a digital output, or circuitry which pro-
vides one or more analog output signals in response to one or
more analog mput signals. Such circuitry may be provided in
an application specific integrated circuit (ASIC) or field pro-
grammable gate array (FPGA). Also, logic may comprise
machine-readable instructions stored 1n a storage medium in
combination with processing circuitry to execute such
machine-readable istructions. However, these are merely
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examples of structures which may provide logic and embodi-
ments of the present invention are not limited 1n this respect.

A “data bus” as referred to herein relates to circuitry for
transmitting data between devices. A “multiplexed data bus™
as referred to herein relates to a data bus that 1s capable of
transmitting data among two or more devices coupled to the
multiplexed data bus. A multiplexed data bus may transmit
data messages to a device coupled to the multiplexed data bus
according to an address associated with the device or a posi-
tion on the multiplexed data bus where the device 1s coupled.
However, this 1s merely an example of a multiplexed data bus
and embodiments of the present invention are not limited 1n
this respect.

An “optical transmission medium™ as referred to herein
relates to a transmission medium capable of transmitting light
energy 1n an optical signal which 1s modulated by a data
signal such that the data signal 1s recoverable by demodulat-
ing the optical signal. For example, an optical transmission
medium may comprise {iber optic cabling coupled between a
transmitting point and a receiving point However, this 1s
merely an example of an optical transmission medium and
embodiments of the present mnvention are not limited in this
respect.

A “laser device™ as referred to herein relates to a device to
transmit a light signal 1n response to a power source. For
example, a laser device may transmit a light signal in an
optical transmission medium which 1s modulated by a data
signal. However, this 1s merely an example of a laser device
and embodiments of the present invention are not limited 1n
these respects.

A “laser driver circuit” as referred to herein relates to a
circuit to provide power to a laser device to be used for
transmitting a light signal in an optical transmission medium.
For example, a laser driver circuit may provide a controlled
current signal to provide power for transmitting the light
signal. However, this 1s merely an example of a laser driver
circuit and embodiments of the present invention are not
limited 1n these respects.

A laser driver circuit may provide a current signal to a laser
device having a “bias current” component combined with a
data current component which 1s modulated by a data signal.
The data current signal may be generated by modulating a
“modulation current” with the data signal. The modulation
current may determine an extent to which the magnitude of
the current signal may deviate from the bias current compo-
nent. However, this 1s merely an example of a bias current and
modulation current, and embodiments of the present mven-
tion are not limited 1n these respects.

The strength of a light signal from a laser device may be
associated with a measurable “output power.” For example,
an output power from a laser device may be measured from a
sensor such as a photodiode which 1s exposed to the light
signal. However, this 1s merely an example of an output power
associated with a laser device transmitting a light signal and
embodiments of the present mnvention are not limited 1n this
respect.

An “average output power” as referred to herein relates to
an approximation of the mean output power of a laser device
over a time period. For example, an average output power
may be determined based upon an integration ol an output
from a sensor over a period of exposure to a light signal
generated by the laser device and subsequent normalization.
A “swing output power” as referred to herein relates to an
amount by which an output power of a laser device may
deviate from 1ts lowest value to 1ts highest value over a time
period. However, these are merely examples of an average
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4

output power and swing output power, and embodiments of
the present invention are not limited 1n these respects.

[,

A “slope efliciency™ as referred to herein relates to a rela-
tionship between a current signal provided to a laser device
and a resulting output power of a light signal generated by the
laser device 1n response to the current signal. For example, a
slope elliciency may be expressed as a change 1n output
power divided by a magnitude of a change 1n current signal.
However, this 1s merely an example of a slope efficiency and
embodiments of the present invention are not limited 1n these
respects.

Briefly, an embodiment of the present invention relates to a
laser driver circuit to provide a current signal to power a laser
device. A bias current provided to the laser device may be
changed while changes 1n the output power of a light signal
from the laser device 1s momtored. A slope efliciency asso-
ciated with the laser device may be determined based upon
the changes 1n the bias current and changes in the output
power. However, this 1s merely an example embodiment and
other embodiments of the present invention are not limited 1n
these respects.

FIG. 3 shows a schematic diagram of a system to transmit
in and receive data from an optical transmission medium
according to an embodiment of the present mvention. AD
optical transcerver 102 may transmit or receive optical signals
110 or 112 1n an optical transmission medium such as fiber
optic cabling. The optical transceiver 102 may modulate the
transmitted signal 110 or demodulate the received signal 112
according to any optical data transmission format such as, for
example, wave division multiplexing wavelength division
multiplexing (WDM) or multi-amplitude signaling (MAS).
For example, a transmitter portion (not shown) of the optical
transcerver 102 may employ WDM for transmitting multiple
“lanes” of data 1n the optical transmission medium.

A physical medium dependent (PMD) section 104 may
provide circuitry, such as a transimpedance amplifier (TTA)
(not shown) and/or limiting amplifier (LIA) (not shown), to
receive and condition an electrical signal from the optical
transcerver 102 1n response to the recerved optical signal 112.
The PMD section 104 may also provide to a laser device (not
shown) 1n the optical transceiver 102 power from a laser
driver circuit (not shown) for transmitting an optical signal. A
physical medium attachment (PMA ) section 106 may include
clock and data recovery circuitry (not shown) and de-multi-
plexing circuitry (not shown) to recover data from a condi-
tioned signal received from the PMD section 104. The PMA
section 106 may also comprise multiplexing circuitry (not
shown) for transmitting data to the PMD section 104 1n data
lanes, and a senalizer/deserializer (Serdes) for serializing a
parallel data signal from a layer 2 section 108 and providing
a parallel data signal to the layer 2 section 108 based upon a
serial data signal provided by the clock and data recovery
circuitry.

According to an embodiment, the layer 2 section 108 may
comprise amedia access control (MAC) device coupled to the
PMA section 106 at a media independent interface (MII) as
defined IEEE Std. 802.3ae-2002, clause 46. In other embodi-
ments, the layer 2 section 108 may comprise forward error
correction logic and a framer to transmit and receive data
according to a version of the Synchronous Optical Network/
Synchronous Digital Hierarchy (SONET) protocol as indi-
cated 1n a set of standards provided by the American National
Standards Institute or Synchronous Digital Hierarchy (SDH)
as mndicated 1 a set of recommendations provided by the
International Telecommunications Union. However, these are
merely examples of layer 2 devices that may provide a par-
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allel data signal for transmission on an optical transmission
medium, and embodiments of the present invention are not
limited 1n these respects.

The layer 2 section 108 may also be coupled to any of
several mput/output (1/0) systems (not shown) for commu-
nication with other devices 1n a processing platform. Such an
I/0 system may include, for example, a multiplexed data bus
coupled to a processing system or a multi-port switch fabric.
The layer 2 section 108 may also be coupled to a multi-port
switch fabric through a packet classifier device. However,
these are merely examples of an I/O system which may be
coupled to a layer 2 device and embodiments of the present
invention are not limited 1n these respects.

The layer 2 device 108 may also be coupled to the PMA
section 106 by a backplane interface (not shown) over a
printed circuit board. Such a backplane interface may com-
prise devices providing a 10 Gigabit Ethernet Attachment
Unit Interface (XAUI) as provided i IEEE Std. 802.3a¢-
2002, clause 477. In other embodiments, such a backplane
interface may comprise any one of several versions of the
System Packet Interface (SPI) as defined by the Optical Inter-
networking Forum (OIF). However, these are merely
examples of a backplane interface to couple a layer 2 device
to a PMA section and embodiments of the present invention
are not limited 1n these respects.

FIG. 4 shows a schematic diagram of a system 200 to
transmit data 1 and recetve data from an optical transmission
medium according to an embodiment of the system shown 1n
FIG. 3. An optical transceiver 202 comprises a laser device
208 to transmit an optical signal 210 1n an optical transmis-
sion medium and a photo detector section 214 to receive an
optical signal 212 from the optical transmission medium. The
photo detector section 214 may comprise one or more pho-
todiodes (not shown) for converting the recerved optical sig-
nal 212 to one or more electrical signals to be provided to a
TIA/LIA circuit 220. A laser driver circuit 222 may provide a
current signal 216 to the laser device 208 in response to a data
signal from a PMA section 205. The laser device 208 may
then transmit optical signal 210 in response to the current
signal 216.

FIG. 5 shows a schematic diagram of a laser driver circuit
322 according to embodiment of the physical medium depen-
dent section shown 1n FIG. 4. A laser device comprising a
laser diode 306 recetves a current signal from the laser driver
circuit 322 and generates a light signal 310 1n response to the
input current. A photodiode 308 may be used to monitor the
output power of the light signal 310 by providing an output
current to a control circuit 302 over a resistor 312. A voltage
at the resistor may be indicative of the output power of the
laser diode 306. Alternatively, instead of passing the output
current over the resistor 312, a TIA may be coupled to receive
the output current and provide an output voltage to the control
circuit 302. However, these are merely examples of how an
output power of a laser device may be measured and embodi-
ments of the present mvention are not limited 1n these
respects.

The laser driver circuit 322 comprises a current source
circuit 316 to generate a modulation current component
(I,,o-) and a current source circuit 314 to generate a bias
current component (I5,, ). A switch transistor pair comprises
switch transistors 318 and 320 to modulate a switched modu-
lation current output 1n response to a data signal (e.g., from a
PMA section) applied to gates of the switch transistors 318
and 320. The switched modulation current and bias current
components may be additively combined using techniques
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known to those of ordinary skill in the art of analog circuit
design to provide a current signal for powering the laser diode
306.

In the 1llustrated embodiment, the current source circuits
314 and 316 may adjust the magnitudes of' I, ,,, or I5;,< 1n
response to control signals from the control circuit 302 to
adjust the output power of the laser diode 306. In one embodi-
ment, the current source circuits 314 and 316 may increase or
decrease the magnitudes of I, ., or I, , . continuously over a
time period to enable data recovery circuitry at a recerving
end (not shown) to respond to changes 1n the output power.
Alternatively, the current source circuits 314 and 316 may
change the magnitudes ot 1, ., 0r 15, , - as a step function for
a faster response. However, these are merely examples of how
a modulation current or bias current may be adjusted 1n
response to a control signal and embodiments of the present
ivention are not limited 1n these respects.

According to an embodiment, the laser driver circuit 322
may be associated with preset system parameters (e.g., preset
by a manufacturer) such as a target reference average output
power (P, ...) and a target modulation power or swing output
power (P,,~»). F1IG. 6 shows a flow diagram illustrating a
process 400 to adjust 1., . and/or I,,,, according to an
embodiment of the laser driver circuit 322. At bubble 402, a
reset event may be detected such as a power up event. Block
404 may set internal parameters and factory default param-
eters including, for example, P, .- and P, -~ . Blocks 406
through 414 comprise a processing loop that may then be
executed until a subsequent reset event.

Block 406 and diamond 408 may detect an event or con-
dition to mitiate a change in I, ,. or 1,,,, to maintain the
average output power of the laser diode 306 at about P, .~
Such an event or condition may include, for example, a
change in the temperature of the laser diode 306 (e.g., as
measured by a thermistor (not shown)) or a change 1n the
average output power (P ;) from the laser device 306 (e.g.,
as measured from the output of the photodiode 308). How-
ever, these are merely examples of a condition or event that
may imtiate a change n I, , . or I,,,,, and embodiments of
the present invention are not limited 1n these respects. Block
406 measures P~ and diamond 408 determines whether
P, 1s within a suitable range (e.g., as defined 1n parameters
set at block 404) about P, .. IT P ;- 1s not within the suitable
range about P,. -, block 408 may adjust 15, ,. until P ;- 1s
within the suitable range.

According to an embodiment the current source circuit 314
may adjust I, . 1n discrete current increments (Al;,, o) 1n
response to a digital control signal from the control circuit
302. At block 410, I;,,. may be adjusted by one or more
increments Al,,, . (e.g., added to or subtracted from I, ,.)
until P ;. 1s within a suitable range. As 1llustrated 1in FIG. 7,
for example, 1,,,. may be adjusted until P ;... 1s within the
range Py~ +/-nAP, .. where AP, . and n define a predeter-
mined tolerance for P ...

Following the adjustment of 1. 5, , - at block 410, the control
circuit 302 may approximate a slope efficiency (Ef,, . ) asso-
ciated with the laser diode 306 at block 412. According to the
embodiment of FIG. 7, Ef ;. may be approximated based
upon a discrete current increment Al ;,, . and the change 1n
average output power (AP ) resulting from the last current
increment Al . added to or subtracted from I, . at block
410 (to place P ,,~ within the range Py~ +/—nAP . as fol-
lows:

Efsfapem‘&PO/MBIAS

According to an embodiment, the control circuit 302 may
provide a control signal to the current source circuit 316 to
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maintain a modulation current I, ,,,. At block 414, the con-
trol circuit 302 may determine I, ,,,, based upon P, ,,»and the
slope efficiency approximation AP_/Al;, , . as Tollows:

Lop=Prrop/ (AP o/Al gy 4s)

To maintain P ;. within a suitable operating range, 1,
may be reduced by an amount of current based upon the
adjusted modulation current I, .. In the presently 1llustrated
embodiment, 1t may be assumed that the output power of the
laser diode 306 1s approximately symmetric about P ;. 1n
response to the modulation current I, ,,,. Accordingly, the
bias current I, , - determined at block 410 may be reduced by
about half of any increase to I, ,,,, to maintain P ;.. within a
suitable operating range. However, this 1s merely an example
of how a bias current may be reduced to maintain the average
output power of a laser diode within a suitable range and
embodiments of the present invention are not limited 1n these
respects.

FIG. 8 shows a diagram 1llustrating a laser driver circuit
522 according to an embodiment of the laser driver circuit
322 1llustrated with reference to FIGS. 5 and 6. An analog to
digital convener (ADC) 520 may provide digital samples of a
voltage signal from a monitor photodiode to control logic 502
used for measuring P ;- and AP _, according to an embodi-
ment of the control circuit 302 described with reference to
FIG. 6. Current source circuits 514 and 316 each comprise
one or more digital-to-analog converters (DACs) to provide a
current at a magmitude controlled by a digital signal from the
control logic 502. Circuitry to form such DACs to generate a
digitally controlled current may be implemented using tech-
niques known to those of ordinary skill 1n the art of analog
circuit design.

FIG. 9 shows a flow diagram illustrating a process 600
according to an embodiment of the processing in the block
414 portion of process 400 shown 1n FIG. 6. and the laser
driver circuit 522 shown 1n FIG. 8. A DAC 516 may generate
I, ,or as an integer multiple ot Al, ., generated as follows:

Liviop=NuopX Al yop

In the 1llustrated embodiment, N, ,,, may be calculated as
an integer from the approximated slope efficiency Ef,
(calculated at block 412) and diamond 604 may determine
whether there has been a change to N, ., resulting from any
change to Ef ;.. Diamond 604 may compare N, ., as cal-
culated at block 602 to CurrN,,,~ which 1s a previously
stored value of N, ., (e.g., nitialized at block 404 following
reset). It N, ., has changed, block 606 may provide an
updated N, ., signal as CurrN, . . to DAC 516 to generate
I.,.0- as an mteger multiple CurrN,, ., of discrete current
increments Al, ..

Since any changes to I,,,, (resulting from changes 1n
N. o) may cause a change mn P ;-, 15,, . may be adjusted to
maintain P . within a suitable range. At block 410, the
control logic 502 may provide a digital control signal to a
DAC 518 to increase or decrease the output current from DAC
518 by the discrete current increments Al,, , . to place P ;...
within a suitable operating range as 1llustrated with reference
to FIG. 7. At block 606, the control logic 502 may provide
signal CurrN, ., as a digital control signal to a DAC 516 to
generate 1, ., based upon the approximated slope elficiency
E¥ stope-

Aci:ording to an embodiment, the DAC 516 may provide
I, as an integer multiple (N, ., ) of discrete current incre-
ments Al based upon Ef ;..

Accordingly, the DAC 3516 may generate a modulation
current, . ,~=CurrlN, ,,~xAl, ;10 response to a digital con-

trol signal from the control logic 502 to maintain a swing
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output power at about the target modulation power P, .. To
maintain the average power P ;.. within a suitable operating
range, the current source circuit 514 may offset the output
current from the DAC 518. A DAC 508 may generate a
current 1n response to a digital signal AN, ., which repre-
sents a change 1n CurrN, ., » (updated at block 608). Here, the
DAC 508 may generate a current AN, ., ,xAl, .. Half of this
output current from the DAC 508 may be subtracted from the
output of DAC 518 to provide I, , . using techniques known
to those of ordinary skill in the art of analog circuit design.

While there has been 1llustrated and described what are

presently considered to be example embodiments of the
present invention, 1t will be understood by those skilled in the
art that various other modifications may be made, and equiva-
lents may be substituted, without departing from the true
scope of the invention. Additionally, many modifications may
be made to adapt a particular situation to the teachings of the
present mvention without departing from the central inven-
tive concept described herein. Therefore, it 1s intended that
the present invention not be limited to the particular embodi-
ments disclosed, but that the invention include all embodi-
ments falling within the scope of the appended claims.

What 1s claimed 1s:

1. A method comprising:

determining a magnitude of a modulation current provided
to a laser device based upon an approximated slope
elficiency and a target output power swing, wherein the
approximated slope efliciency 1s based upon at least one
discrete incremental change 1n a bias current to the laser
device and at least one change 1n output power from the
laser device, and wherein the target output power swing
1s a predetermined range of output power values of the
laser device; and

determining a magnitude of the bias current provided to the
laser device based upon the approximated slope eifi-
Cl1ency.

2. The method of claim 1 further comprising;:

selectively adjusting the bias current based upon the
approximated slope efficiency in response to a change 1n
the modulation current.

3. The method of claim 2 wherein adjusting the bias current

includes:

maintaining the output power of the laser device within a
predetermined power range.

4. A system comprising:

a laser device, adapted to be coupled to an optical trans-
mission medium, for transmitting an optical signal 1n the
optical transmission medium 1n response to a data sig-
nal; and

a laser driver circuit for providing a power signal to the
laser device, the laser driver circuit comprising:
logic to determine a magnitude of a modulation current

provided to the laser device based upon an approxi-
mated slope elficiency and a target output power
swing, wherein the approximated slope efficiency 1s
based upon at least one discrete incremental change 1n
a bias current to the laser device and at least one
change in output power from the laser device, and
wherein the target output power swing is a predeter-
mined range ol output power values of the laser
device; and

logic to selectively determine a magnitude of the bias cur-
rent provided to the laser device based upon the approxi-
mated slope etficiency.

5. The system of claim 4 further comprising:

logic to selectively adjust the bias current 1n response to a
change 1n the modulation current.
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6. The system of claim 5, wherein the logic to selectively
adjust the bias current includes:

logic to maintain the output power of the laser device
within a predetermined power range.

7. The system of claim 4 further comprising;: 5

a framer to provide the data signal to the laser device.

8. The system of claim 7 further comprising;:

a switch fabric communicatively coupled to the framer.

9. The system of claim 4 further comprising;:

an Ethernet MAC to provide the data signal at a media 10
independent interface.

10. The system of claim 9 further comprising;

a bus coupled to the Ethernet MAC.

10

11. The system of claim 9 further comprising;

a switch fabric coupled to the Ethernet MAC.

12. The system of claim 4, further comprising a layer 2
section logic configured to provide the data signal to the laser
device.

13. The system of claim 4, further comprising a physical
medium attachment (PMA) section logic configured to pro-
vide the data signal to the laser device.

14. The system of claim 4, further comprising a physical
medium dependent (PMD) section logic configured to pro-
vide the data signal to the laser device.

¥ o # ¥ ¥
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